Background: This study aimed to investigate the relationship between leisure time physical activities (LTPA) and metabolic syndrome (MS).
decrease of 26.2%, 27.4%, 27.3%, 26.3%, 26.0%, and 24.8% for women in 1998, 2001, 2005, 2007, 2009, and 2010, respectively. However, the rate of moderate to heavy physical activities decreased in both men and women, changing from 33.3% to 25.4% and 29.6% to 22.4% in 2005 and 2010, respectively.
1)
The shortage of physical activity was caused by the automation and industrialization of the modern society and has become a major cause of obesity and metabolic syndrome, and has been highlighted as a global health concern.
2) Many study results have revealed that a shortage of physical activity is the actual cause of chronic diseases, and have recommended physical activity to prevent disease. 3, 4) Metabolic syndrome (MS) refers to a group of disease conditions including hyperinsulinemia, lipid disorders, hypertension, and central obesity, and can be considered the prephase of diabetes and cardiovascular diseases. fourfold rise of type II diabetes. 6) Recent epidemiologic studies have reported that moderate to higher intensity physical activities, including leisure time physical activities (LTPA), are effective for the prevention and alleviation of MS. 7) A study reported that the increase in physical activity among the study subjects was related to the decrease in MS incidence, 8) and other studies reported that increased physical activities reduced the risk factors of MS in the healthy participants. 9, 10) The guidelines for the prevention of cardiovascular diseases recommends more than 30 minutes of moderate or higher intensity physical activity per day and a low-fat diet (containing less saturated fat and cholesterol). 11) Domestic studies also reported an inverse relationship between physical activity and total mortality, 12) lipid levels in the blood 13) and the risk factors of coronary heart diseases. 14) It was shown that patients with chronic diseases such as hypertension, diabetes, hyperlipidemia, or MS had lower physical activity, 15) and that the shortage of physical activity contributed to 3.7% of the health determination factors in South Koreans, independent from obesity. 16) In the studies on physical activity, comprehensive physical activities (including occupational tasks or leisure time) are the major concerns of measurement, but work time activities are difficult to measure due to their variety. Therefore, LTPA was used as representative physical activity in the studies or recommendations of physical activity. 17) Therefore, this study aimed to investigate the relationship between LTPA and MS in people who visited for a medical check-up.
METHODS

Study Subjects
This cross-sectional study was conducted among 6,287 
Method
1) General characteristics and lifestyle factors
Participants were interviewed about their demographic characteristics and lifestyle using a questionnaire.
2) Study tools For the assessment of drinking, the monthly drinking rate (based on KNHANES; average alcohol intake more than once/ mo for the last year) was obtained, and participants more than the above range was considered a current drinker; less than the above range despite previous drinking history was considered a past drinker; and never was considered a non-drinker. For work time physical activities, the degree of physical activities at work was evaluated on a scale of 0 to 4, with 0 referring to no physical activities during work; 1, office work (mostly sedentary work); 2, working while standing or walking; 3, working with some physical labor; and 4, working with vigorous physical labor. Participants with a score of 1 were assigned to low work time activity; those with scores of 2 or 3, to moderate work time activity; and those with a score of 4, to high-work time activity. For education level, participants were classified into those with a lower than high school degree (less than 12 years); those with a high school degree or its equivalent (range, 12 to 15 years); and those with a college degree or higher (more than 15 years). For income level, the subjects were classified into those with an average monthly household income of less than one million; 1 to 3 million; and more than 3 million Korean won. 
RESULTS
General Characteristics (Men)
The prevalence of MS was 22.8% among all 1,703 subjects. Low LTPA showed a higher amount of work time physical activities, a lower smoking rate, and a lower education level (Table   1 ).
General Characteristics (Women)
The prevalence of MS was 14.1% among all 4,029 subjects. years in low, middle, and high LTPA, respectively. Average energy consumption/week was 132.9 ± 101.9 kcal, 926.5 ± 428.6 kcal, and 3,269.6 ± 1,609.6 kcal, respectively, and the hs-CRP level was 0.23 ± 3.12, 0.13 ± 0.37, and 0.10 ± 0.24, in low, middle, and high LTPA, respectively. The low LTPA group showed a higher amount of work time physical activities, a higher smoking rate, and a lower education level ( Values are presented as mean ± SD or number (%).
LTPA: leisure-time physical activity, Workact: work time physical activity.
*Analyzed by analysis of variance.
as for women, those in their 60s showed a slight decrease. The hs-CRP level increased with age in men and women, while the work time physical activities decreased with increasing age (Table 3 ).
Relationship between Leisure Time Physical Activity and Metabolic Syndrome
Adjustment for covariates to investigate the relationship Values are presented as mean ± SD or number (%).
LTPA: leisure-time physical activity, Workact: work time physical activity. respectively, but were not significant (Table 4) .
DISCUSSION
In this study, the risk of MS increased with lower LTPA in women, but not in men. For the association between smoking, drinking and LTPA level, an inverse relationship was found between smoking and MS in men; and drinking, education level and MS in women.
Previous studies showed the effectiveness of physical activities for cardiovascular disease, especially in women, 20, 21) and this study is also in line with such research. Recent meta-analyses, however, showed the effectiveness of physical activities in both men and women, despite the difference in the intensity of effectiveness (30% in men and 40% in women) for cardiovascular disease. 22) When measuring physical activities, including work time physical activities and LTPA is ideal, but many studies use only LTPA due to the difficulty of measuring work time activity. 26) and comprehensive physical activities across four areas (during work, home, transportation, and leisure time), it was found that work time physical activities and LTPA both are effective. 27) Physical inactivity increases the incidence of chronic disease because optimization of energy consumption and insulin sensitivity is dependent on aerobic exercise. 28) When physical activity increased, the insulin resistance improved within a short time, and triglycerides and HDL cholesterol also gradually improved. 29) Although physical activity alone cannot explain the entire improvement in insulin resistance, it showed an independent influence on it even after other risk factors had been controlled. 30) Physical activity reduces chronic disease incidence via the improvement of low-level inflammation. Exercise changes the transmission of signals for insulin secretion regardless of whether there is weight change, which improves insulin tolerance and is also considered to reduce the production of hs-CRP, interleukin-6, interleukin-10, and tumor necrosis factors. 31) Apart from the direct improvement of insulin resistance, 32, 33) physical activity also inhibits low-level inflammation. 34, 35) According to NCEP ATP III, a lifestyle change, including increased physical activity, reduces the incidence of cardiovascular disease. Other studies involving cardiovascular disease patients also showed the effectiveness of physical activity on MS and insulin resistance. 36) This study measured LTPA quantitatively using a question- 
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